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Solid State Nuclear Magnetic Resonance Spectroscopy:
One dimensional (1D) 1 H MAS, 13 C and 29 Si CP/MAS solid state NMR spectra were recorded on Bruker AVANCE III spectrometer operating at 600 MHz resonance frequency for 1 H utilized a 3.2 mm double resonance probe. 29 Si NMR solid state NMR was recorded using a 400 MHz Bruker AVANCE III spectrometer with a conventional double resonance 4 mm CP/MAS probe. In all cases the samples were packed into rotors under inert atmosphere inside glove boxes. Dry nitrogen gas was utilized for sample spinning to prevent degradation of the samples. NMR chemical shifts are reported with respect to the external references TMS and adamantane. For 13 C and 29 Si CP/MAS NMR experiments, the following sequence was used: 900 pulse on the proton (pulse length 2.4 s), then a cross-polarization step with a contact time of typically 2 ms, and finally acquisition of the 13 C and 29 Si NMR signal under high power proton decoupling. The delay between the scans was set to 4 s to allow the complete relaxation of the 1 H nuclei and the number of scans ranged between 3 000 -25 000 for 13 C, 30 000 -50 000 for 29 Si and was 8 for 1 H. An exponential apodization function corresponding to a line broadening of 80 Hz was applied prior to Fourier transformation. 1 H-1 H multiple-quantum spectroscopy: Two-dimensional double-quantum (DQ) and triple-quantum (TQ) experiments were recorded on a Bruker AVANCE III spectrometer operating at 600 MHz with a conventional double resonance 3.2 mm CP/MAS probe, according to the following general scheme: excitation of DQ coherences, t1 evolution, z-filter, and detection. The spectra were recorded in a rotor synchronized fashion in t1 by setting the t1 increment equal to one rotor period (45.45 µs). One cycle of the standard back-to-back (BABA) recoupling sequences was used for the excitation and reconversion period.
1-3 Quadrature detection in w1 was achieved using the States-TPPI method. An MAS frequency of 22 kHz was used. The 90° proton pulse length was 2.5 µs, while a recycle delay of 5 s was used. A total of 128 t1 increments with 128 scans per each increment were recorded. The DQ frequency in the w1 dimension corresponds to the sum of two single quantum (SQ) frequencies of the two coupled protons and correlates in the w2 dimension with the two corresponding proton resonances.2 The TQ frequency in the w1 dimension corresponds to the sum of the three SQ frequencies of the three coupled protons and correlates in the w2 dimension with the three individual proton resonances. Conversely, groups of less than three equivalent spins will not give rise to diagonal signals in this spectrum.
Al MAS and HMQC NMR: The 27
Al NMR spectra were obtained from Bruker AVANCE III spectrometer operating at 900 MHz for 1 H with a conventional double resonance 3.2 mm CP/MAS probe with a recycling time of 1 s and a short pulse time 1 μs. The spinning frequency was 20 KHz and Al(H2O)63+ was taken as a reference. The details of the experimental procedures for the 2D 27 Al HMQC NMR measurements were already described3. The spectra were obtained with Bruker AVANCE III spectrometer operating at 900 MHz for 1 H. Samples are spun at 20 KHz. The 2D H-1/Al correlation via heteronuclear zero and double quantum coherence with decoupling during acquisition. The recycling time was 1s with pulses of 3 and 6 μs.
Experimental procedure:
The reaction of SBA15 with TIBA was carried out in a double schlenk tube. 0.5 g of SBA15 was introduced with 1, 2.5 or 5 equivalents of 1M of TIBA in hexane were added and diluted in 3 ml of dry pentane. The evolved gases were evacuated in a big 10L flask, and the white powder was washed with the dry pentane twice to eliminate the unreacted TIBA and left under vaccum for drying a whole night. The C/Al ratio of 8.7 (1 equiv.), 8.8 (2.5 equiv.) and 8.9 (5 equiv.) are consistent with those expected (th. 8) for the formation of the species 1a and 1b in equimolar ratio (Table S1 ). Simultaneously, isobutane and isobutene are selectively evolved (Table S2 ). The isobutane/isobutene ratios depend on the amount of TIBA used. When 1 equiv. of TIBA/silanol is added, isobutane/isobutene ratio is 1.1 ± 0.2 are evolved. Increasing the amount of TIBA from 2.5 to 5 equiv. leads to an increase of the isobutane/isobutene ratio from 2.0 to 3.2 respectively. Further proof of the composition of grafted material came from the hydrolysis of these compounds at room temperature that gives 0.80± 0.2 equiv. isobutane per Al whatever the amount of TIBA. Because hydrolysis are expected to cleave all the isobutyl groups linked to aluminum, the difference between the isobutane evolved by hydrolysis and the elemental analysis suggests that part of isobutyl is linked to a silicon atom (this is be confirmed by NMR), the other one being linked to Al. In parallel, the Al/isobutane ratios are not the one expected for a protonolysis of silanol. An increase of the reactant/silanols results in a decrease of the Al/iButane ratio. In parallel, Al/isobutene ratios increase. These results indicate clearly that TIBA reacts not only with single silanol but also with what we believed to be a "hypothetically inert" strained siloxane bridges. 
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Computational details MODEL AND Computational details:
Molecular structures and electronic energies for all the systems discussed here were calculated using the Gaussian 09 package. 4 All the DFT geometry optimizations were performed with the PBE functional 5,6 in connection with a split-valence basis set (SVP keyword in Gaussian) on all the atoms. No symmetry constraint was used in the geometry optimizations, and the final geometries were confirmed to be minimum or first order saddle point potential energy structures through frequency calculations. All systems have been treated with the spin-restricted formalism. Transition states (TSs) calculations were approached through a linear transit 7 procedure using the forming Si-H, Al-H and Si-C bonds as the reaction coordinate of the β-H elimination, Al-H formation and alkyl transfer, respectively. For better energetics, single point energy calculations were performed using the hybrid PBE0 functional 8 and in connection with the triple- TZVP basis set. 9, 10 These PBE0 electronic energies were converted into the discusses free energies by addition of zero-point energy and thermal correction from the PBE/SVP frequency calculations. We considered two models to mimic silica during the reaction with TIBA. The first model, used to investigate TIBA reactivity with a siloxane bridge, corresponds to a cluster model presenting only relaxed siloxane bridges, see ( Figure S14a ). The second model, used to investigate TIBA reactivity with a silanol, as well as the reactivity of monopodal {SiO-Al-iBu2} with a siloxane bridge, corresponds to a larger cluster model presenting a single silanol, in addition to relaxed siloxane bridges, see ( Figure S14b ). We are aware that the specific models we used can be only an approximation to the real situation occurring on the surface of silica after thermally treatment at 700 °C, which probably induces severe reconstruction of the surface. 11 Nevertheless, the amorphous nature of the silica makes impossible to derive more accurate models. On the other hand, there is ample precedent in the literature demonstrating the usefulness of silsesquioxane based cluster models to rationalize the reactivity of catalytically active species grafted on silica. [12] [13] [14] [15] [16] [17] 
